Background: The therapeutic potentials of the methanolic extract of pineapple peel against alcohol -induced lung injury in male albino rats was investigated. GC -MS was used in characterizing secondary metabolites of the extracts. Methods: Oxidative stress was induced by oral administration of ethanol (20 % w/v) at a dosage of 5 mL/kg body weight in rats. After 28 days of treatment, the rats were fasted overnight and sacrificed by cervical dislocation. Lung tissue homogenates were used for the assessment of protein concentration, reduced glutathione (GSH), catalase, superoxide dismutase (SOD) and lipid peroxidation. Results: GCMS analysis revealed the presence of 10 compounds with ethanimidic acid, ethyl ester (32.52 %) being the most predominant compound. Ingestion of alcohol led to a significant (p < 0.05) reduction in GSH, malondialdehyde (MDA) and protein levels in the lung tissues, this was significantly reversed on treatment with the extract. Ingestion also led to increased significant (p < 0.05) SOD and catalase activity respectively. This was significantly (p < 0.05) reduced on treatment with the extract. Conclusion: These results insinuate the therapeutic potential of the extract against alcoholic oxidative damages in lungs. The identified compounds may influence free radical scavenging and arrest of lipid peroxidation, thereby restoring redox homeostasis.
Background
Oxidative stress has been described as a major facet of alcohol induced tissue injury and machinery in alcoholic lung disease as well as other diseases [1] [2] [3] . H 2 O 2 produced during alcohol metabolism to acetaldehyde by cytochrome P450-2E1 (CYP2E1) in both liver and lungs interacts with copper/iron leading to generation of Reactive Oxygen Species (ROS) and/or its products [4, 5] . Oxidative stress sets in when there is an imbalance between oxidant (ROS) production and the system's ability to detoxify it in favour of the oxidants.
The medicinal properties of plants especially its antioxidant role against most ROS induced injuries are well documented [6, 7] . These properties have been attributed to their phytochemical constituents with much emphasis on flavones, isoflavones, flavonoids, anthocyanin, coumarin lignans, catechins and isocatechins owing to their well studied antioxidant activities [6] .
Over the years, pineapple (Ananas cosmosus) peels have been an important ingredient in ethno medicine. They have been used traditionally in the treatment and management of various ailments. Erukainure et al. [8, 9] reported its protective effect against alcohol -induced brain and splenic injuries. A relationship between antioxidant activity, β -glucosidase and total phenolic content in pineapple peel/soy flour extracts has been reported [10] . Wood [11] reported that it is rich in antioxidants such as flavonoids and vitamins A and C.
This paper aims at investigating the therapeutic potentials of the methanolic extract of pineapple peel against alcohol -induced lung injury in male albino rats as well as characterize its secondary metabolites using Gas Chromatography Mass Spectrometer (GC -MS).
Methods

Plant materials
Pineapple peels were collected from a local fruit seller at Oshodi, Lagos, Nigeria. They were sorted and rinsed to remove dirt. They were air-dried and grounded to fine texture with a laboratory mill. The blended peels were subjected to methanolic extraction 8-10 h using a soxhlet extractor. The extract was concentrated and then stored for subsequent use.
Gas chromatography-mass spectrometry (GCMS) instrumentation
The extract was also subjected to GC -MS analysis to identify the secondary metabolites likely present.
GC
Shimadzu GC-MS QP2010 ULTRA with column: Optima 5MS (5 % diphenyl 95 % dimetylpolysiloxane); length: 30 m; thickness: 0.25 μm; ID: 0.25 mm; Column flow: 1.34 ml/min Gas: helium. Column flow was set at 1.34 ml/ min and temperature of column maintained at 60°C for 2 min and then raised to 200°C (15°C/min) followed by 9 min at 280°C (5°C/min).
GC -MS
The National Institute of Standards and Technology (NIST) mass spectral program 2011 was used for mass spectral survey. The concentrations of the identified compounds were calculated using area normalization over flame ionization detector response method.
Animals
Thirty male albino rats weighing 90-120 g were used for the present investigation. They were reared at the Animal House of the Biochemistry Department of Bells University of Technology, Ota, Nigeria.
They were acclimatized for 2 weeks on pelletized mouse chow before the commencement of the experiment. Water was given ad libitum at room temperature with a 12-h light and dark cycle. The rats were divided into six groups, each consisting of five animals as shown below: Oxidative stress was induced by oral administration (intubation) of ethanol (20 % w/v) at a dose of 500 mg/kg bw. Pineapple extracts were administered 30 min after alcohol administration on daily basis via intubation. The dose of ethanol, pineapple peel extract and the period of treatment were selected on the basis of previous studies by Faremi et al. [12] and Erukainure et al. [8] . The animals used in the present study were maintained in accordance with the approval of the Animal Ethical Committee, Bells University of Technology, Ota, Nigeria.
After 28 days of treatment, the rats were fasted overnight and sacrificed by cervical dislocation.
Preparation of tissue homogenates
The lungs were removed, rinsed in the ice-cold 1.15 % KCl solution to wash off excess blood, blotted dried with filter paper and weighed. They organs were homogenized and centrifuged at 10,000 rpm for 15 min in an ultracentrifuge at a temperature of −2°C to get the mitochondrial fraction. The supernatant was decanted and stored at −4°C for subsequent analysis. Each time the supernatant was outside the freezer, it was kept in ice bags.
Lowry's method was used in the determination of tissue proteins using bovine serum albumin (BSA) as standard [13] .
Determination of oxidative stress parameters
Reduced glutathione (GSH) activity was determined according to the method of Ellman [14] . Lipid peroxidation was determined by measuring malondialdehyde (MDA) formed by thiobarbituric acid reaction (TBAR) as described by Chowdhury and Soulsby [15] . Catalase [16] . The method described by Misra and Fridovich [17] was adopted in determining level of superoxide dismutase (SOD) activity.
Statistical analysis
To address the biological variability, each set of experiments was repeated at least three times. Differences between the groups were analysed by one-way analysis of variance (ANOVA) with the aid of SPSS software (SPSS Inc., Chicago, IL, USA) standard version 17. The p values of <0.05 were considered statistically significant for differences in mean using the least of significant difference. Data were reported as mean ± standard deviation (SD).
Results
GCMS analysis of the methanolic extract revealed the presence of 10 compounds as shown in Table 1 and Fig. 1 . Ethanimidic acid, ethyl ester (32.52 %) was observed to be the most predominant compound, this was followed Ingestion of alcohol led to a significant (p < 0.05) reduction in the GSH levels in the lung tissues (group 2) as depicted in Fig. 2 . An increased level was observed on treatment with the extract at both single (250 mg/kg bw) and double doses (500 mg/kg bw). Much higher levels were observed when the extract was administered to normal albino rats (group 5) and distilled water to ethanol treated rat albino rats (group 6).
An increased significant (p < 0.05) SOD and catalase activity on ingestion of alcohol when compared to the control (group) as shown in Figs. 3 and 4 respectively. This was significantly (p < 0.05) reduced on treatment with the extracts at both doses. A significant reduced activity was also observed on treatment with distill water.
Significant increased (p < 0.05) level of MDA was observed in the alcohol -only treated group indicating an occurrence of lipid peroxidation on alcohol ingesttion (Fig. 5) . This was significantly (p < 0.05) reduced on treatment with the extracts at both doses. Treatment with distilled water also led to increased MDA level.
Alcohol ingestion led to significant reduction in tissue protein concentration as depicted in Fig. 6 . Treatment with the extract led to a significant (p < 0.05) increase, with the single dose showing the highest concentration.
Discussion
A substantial dose of alcohol ingested has been reported to reach the airway passages by the bronchial circulation directly through the ciliated epithelium and metabolized by oxidative and/or nonoxidative pathways [2, 3] . This is usually excreted in exhaled breath but local metabolism within the lungs has been shown to cause an altered redox status with increased ROS production leading to oxidative injury [2, 3, 18] . In this study, oxidative injury was induced in rat lungs by alcohol and treated with pineapple peel methanolic extract.
The observed reduced GSH level in the alcohol -only treated group indicates an occurrence of oxidative stress. GSH is a major endogenous antioxidant, which counteracts free-radical-mediated damage and a major determining factor in alcoholic lung disease [19] . Reduced GSH level has been reported in chronic alcohol ingestion within the alveolar space, leading to an impairment of alveolar immunity and thus increasing the lung susceptibility to oxidant-mediated injury [3] . The observed increased level in the extract -treated rats insinuates a therapeutic potential of the pineapple peel against alcoholic lung disease. Erukainure et al. [8, 9] reported similar observations in brain and splenic tissues of alcohol -ingested rats. The increased activity of the extract in normal rats further portrays an antioxidant activity of the pineapple peels.
SOD is the first of the scavenger enzyme series to ameliorate the oxidative damage [20] . It catalyzes the dismutation of superoxide anion (O 2 •−) to form hydrogen peroxide (H 2 O 2 ). This is rapidly decomposed to water (H 2 O) and oxygen (O 2 ), a reaction catalyzed by catalase. The observed increased activities of SOD and catalase in the alcohol -only treated group contradicts Das and Mukherjee [2] who reported decreased activities in alcoholic lung injury. Rahman and MacNee [21] however, reported an induction of SOD and catalase enzymes in response to oxidative stress. Their increased activity may thus be attributed to induction of oxidative stress. Their significant (p < 0.05) reduction on treatment with pineapple peel extract is an indication of the antioxidant potentials of the extract. Alcohol induced toxicity have been linked with increased oxidation of proteins and lipids to form oxidized proteins and peroxide products, malondialdehyde (MDA) and acetaldehyde (MAA)-adducted proteins [22] . The increased MDA level and reduced protein concentration in the alcohol -only treated group (Figs. 5 and 6 ) indicates an occurrence of oxidative stress. Lipid peroxidation has been shown to alter membrane integrity, disrupting normal signaling events required for homeostasis and cause cell injury [3] . The observed significant (p < 0.05) reversal on treatment with pineapple peel extract further portrays the antioxidant protective potential of the extract against alcohol -induced oxidative damage in lungs.
The observed reduced antioxidant activity with increasing concentration of the extract can be attributed to exacerbation of alcoholic injury by the extract at higher concentrations. This corresponds to previous studies by Erukainure et al. [8, 9] . This may also be attributed to the observed compounds of the extracts. Though the extract showed no toxicity in normal rats at higher dose, the use of lower concentration in the treatment of alcoholic injury is however recommended.
In this study, administration of water was observed to exhibit similar effects as the pineapple peel extract. Water is well a known detoxicant and have been used over the years in detoxifying drug and alcohol overdose. Thus, may explain the increased antioxidant activities in group 6. Moreover, the concentration of alcohol decreases with increased dilution with water thereby reducing its toxic effect. This is of tremendous advantage as it readily available and cheap. To the best of our knowledge, this is the first time the protective potential of water against alcoholic lung oxidative injury is being reported. These observed anti -oxidative stress effects may reflect a synergetic activity of the identified compounds present in the extract ( Fig. 1 and Table 1 ). The scavenging properties of most amide esters have been documented to be greatly influence by the presence of hydrogen donating group [23] . This depicts the antioxidant potentials of ethanimidic acid, ethyl ester. Oxalic acid is often reported as an antinutrient owing to its chelating of divalent cations especially magnesium and calcium to form crystals. However, its ability to chelate iron (II) (Fe 2 + ) is of great importance as it reduces the availability of Fe 2 + for oxidation by H 2 O 2 to generate the highly reactive hydroxyl radicals (Fenton reaction). Oxalic acid, butyl propyl ester may thus exhibit antioxidant properties by chelating Fe 2 + , which explains the observed reduced MDA levels (Fig. 5) . 4-Hepten-3-one, 4-methyl-has been recognized as a ketone. The protective properties of ketones against free radicals and lipid peroxidation in vitro has been reported [24] .
Conclusion
These results insinuate the therapeutic potential of the methanolic extract of pineapple peel against alcoholic oxidative damages in lungs. This effect can be attributed to the identified compounds of the extracts which may influence free radical scavenging and arrest of lipid peroxidation, thereby restoring redox homeostasis. However, there is need to isolate these compounds and their biological activity against alcoholic lung injury ascertained in vitro and in vivo. There is also need for further investigations on the protective effect of water against alcoholic lung injury, as it is readily available and much cheaper. Further studies 
